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ABSTRACT 
 
In the struggle for poverty alleviation in developing countries, the use of aquaculture could 
contribute to establish increased economic income and provide food security. The transportation of 
fish from brood stock hatchery to buyer is a severe element with the risk of threatening fish health 
and survival. For fish and seller/buyer’s best interest, solutions to improve fish health should be a 
priority. In rural areas, this is further complicated by low availability to advanced transport systems. 
In this study, simulated transport of the Himalayan snow-trout carp and the Lake Malawian Red 
Zebra cichlid in closed containers and the effect of fish strain, stocking density, air phase and the use 
of an anesthetic (MS-222) on oxygen consumption and possible prolonging of transport time was 
investigated. The impact of a sedative treatment on blood chemistry was further documented. 
Experiments on simulated transport of snow-trout fingerlings showed a strain related stocking 
density dependent increase in weight specific oxygen consumption. Improving oxygen availability by 
substituting 2/5ths of the transport container volume with an air phase resulted in increased oxygen 
consumption and reduced possible transport time compared to when performing transport with 
totally water filled container. Exposing fish to a sedative treatment during transport had the ability 
to reduce oxygen consumption and therefore increase possible transport time. However, subjecting 
fish to a sedative MS-222 treatment resulted in changes in plasma sodium ion, glucose and lactate 
concentrations, indicating possible hypoxic conditions to the fish.   
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INTRODUCTION 
 
World poverty and food security  
The World Bank Reports has estimated that almost one billion people will be living under extreme 
poverty ( < 1.25 USD a day) in 2015. The countries classified as low- or middle-income (sub-Saharan 
Africa and Southern Asia) account for nearly 40 per cent each, with a concurrent underweight 
prevalence of  21% in sub-Saharan Africa and 31 % in Southern Asia (2). 
During the last three decades, aquaculture 
has experienced a twelve time increase in 
food fish production, making it one of the 
fastest growing food industries.  Fish is 
considered an important source of 
nutritious food and animal protein (3). 40 
per cent of world aquaculture production is 
derived through rural small-scale fish 
farming, where it in these areas is a major 
contributor to poverty reduction (3). Still, 
fish food consumption remains too low in 
many areas of sub-Saharan Africa and 
Southern Asia, where they are failing to 
benefit from contributions that fisheries 
and aquaculture are increasingly providing 
elsewhere in the world, in terms of 
sustainable food security and income (4).  
The high prevalence of poverty within the 
rural areas is accompanied by their remote 
location and poor road connections, 
contributing to further detachment from 
the rest of the world, making potential export/trade difficult and time consuming (5). Extending 
private small-scale fish farming could lead to poverty alleviation in these areas. To make this 
possible, the fish has to be transported from brood- and live-stock locations to its designated 
production sites.  
Figure 1: Proportion of people living on less than 1,25 $ a 
day over last three decades. Modified from UN 2013 (2). 
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Among the countries located in the sub-Saharan Africa and Southern Asia are the two countries 
Malawi and Nepal. According to the Human Development Report from 2013, both countries range 
within the thirty countries in terms of lowest human development, and is ranked 220 and 207th in 
terms of gross domestic product (4). They both hold great water resources, with Malawi holding the 
world’s 9th largest lake, Lake Malawi, and Nepal with its numerous river systems. Conditions like 
these provides the basis necessary to establish fish farming for further poverty alleviation and food 
security establishment.   
The transport of live fish 
Live fish trade requires transportation of fish from seller to buyer. Type of transportation varies, 
depending on purpose of the fish destination (slaughter, livestock, ornamental use etc.) and must 
also be fitted to the technology available. Industrialized countries most often transport live fish by 
truck or well-boats, while more primitive methods such as transportation of fish in polyethylene 
bags are applied in less developed countries.  
The transportation can be performed in two systems; open or closed. An open system is a water 
container in which necessary additives required for fish survival are supplied from the outside. A 
closed system is a sealed non-outside supplied container (6). 
The transportation procedures of live fish may cause stress exposures (7-10). In closed systems, 
oxygen availability may be a limiting factor (11), while accumulation of metabolic end products 
(carbon dioxide and ammonia) may deteriorate water quality further (12-14). An ideal saturation of 
oxygen in the transport water throughout procedure is 100% (15), while CO2 levels is recommended 
to be kept below 30 – 40 mg L-1 (16). CO2 excreted in the water container reacts with H2O forming 
HCO3
- and H+, resulting in lowering of water pH. As pH declines, the proportion of carbonate species 
shift from bicarbonate to carbon dioxide (see figure 2). In open transport systems, the limiting factor 
of oxygen and carbon dioxide can be met by the application of pure oxygen and aeration (17), 
leaving ammonia toxicity as limiting factor. Mean acute ammonia toxicity for fish is reached at 
concentrations surpassing to 2.8 mg L-1 (18).    
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Figure 2: Proportions of carbon dioxide species and ammonia in water as a function of pH. Modified from 
Berka 1986 (11). 
Fish, being poikilothermic, has biochemical reaction rates depending on ambient temperature. The 
rate with which oxygen is consumed, therefore increases with ambient temperature (19). 
Furthermore, oxygen solubility in water is inversely correlated  with temperature (20), causing 
further challenge for transportation of live fish in closed systems.  
The respiratory medium for most fish is water, and its level of dissolved oxygen poses the most 
critical and limiting variable factor (1).Thus, oxygen availability is the primary limiting factor for fish 
survival during transport in closed systems. As fish consumes oxygen, oxygen availability is reduced 
causing environmental hypoxia to the fish, finally to a saturation where fish is no longer capable of 
maintaining an adequate supply of oxygen to meet its metabolic demands (21), a point termed the 
critical saturation (Scrit).  Such anoxic circumstances may cause suffocation of the fish. Additionally, 
the progression of an hypercapnic environment, due to the accumulation of excreted carbon 
dioxide, could  severely disrupt gas transfer across the gills (22).  
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Fish O2 -respiration 
The demand for oxygen in animals arises from the dual functions of maintaining homeostasis 
performing work (23). The gills are the main site of gas exchange in fishes. The counter current blood 
flow in the gill lamella facilitates the exchange of gasses between blood and water (24).  The 
exchange of O2 is due to diffusion, following the partial pressure gradient down the lamellar 
epithelium. Maintenance of O2-partial pressure gradient between water and blood is facilitated 
through gill ventilation, continuously replacing the respiratory medium in contact with the 
respiratory surface, and lamellar perfusion providing O2-depleted blood to the site of gas exchange 
(25).  
 
Oxygen is transported throughout the cardiovascular system in two forms, as plasma dissolved 
oxygen or as bound to erythrocyte hemoglobin (1). Due to low solubility of oxygen in fish plasma the 
main proportion (95 %) of blood oxygen is hemoglobin-bound (26, 27). As a result, the O2 carrying-
capacity of the blood is hemoglobin dependent. By regulating the amount of erythrocytes present in 
the blood plasma, the fish can meet its metabolic demand if increased. The spleen is considered 
main reservoir for erythrocytes. The recruitment of erythrocytes is generated through contraction of 
smooth muscle associated with the spleen (28-30), facilitated through direct innervation of the 
sympathetic nervous system or by circulatory catecholamines (30). 
 
Hemoglobin-oxygen (Hb-O2) affinity is regulated through several allosteric modulators, assisting on- 
and offloading of oxygen. Lowering of pH causes reduced Hb-O2 affinity, resulting in decrease of % 
Hb-O2 binding at a given oxygen partial pressure (Bohr effect), whereas a decrease in the metabolic 
precursors ATP and GTP, causes a higher affinity to O2. Further, a reduction in blood pH can also 
cause a decrease in the maximal binding capacity of hemoglobin to O2 (Root effect) (26).       
Shortage of oxygen, known as hypoxia is divided into categories of environmental hypoxia and 
functional hypoxia. Environmental hypoxia is defined as the partial pressure of water oxygen where 
fish physiological function is first compromised, at which fish compensates by increasing gill 
ventilation and perfusion, blood delivery to tissues and recruitment of stored erythrocytes. 
Functional hypoxia occurs during exercise, acidosis and may also be due to increased lamellar 
epithelial thickness (31).     
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Fish stress 
Fish are exposed to stressors both free living and within captivity (32). Stress is described as a state 
when the threatened homeostasis of the fish requires a complex suite of physiologic and behavioral 
adaptive responses to re-establish a normal state (33, 34). If the stressor persists and fish is unable 
to recover homeostasis, the stressor is considered maladaptive. This state will be detrimental to 
fish’s health and well-being (35).  
A stress response is categorized into 
three stages, first described by Selye as 
the alarm reaction and the following 
stages of resistance and exhaustion (36). 
This was later termed the primary, 
secondary and tertiary response (37, 38). 
The primary response to stressor 
exposures is characterized by an increase 
in stress related blood hormones. This 
involves up regulation of the 
hypothalamic-sympathetic-cromaffin - 
and hypothalamic-pituitary-interrenal 
axis activity, resulting in increased blood 
catecholamines (CAs), 
adrenocorticotrophic hormone and 
cortisol. To assist the fish with mobilizing 
fuels for increased energy demand, 
physiological and behavioral changes 
occurs, a following state, triggered upon release of the primary response hormones can be 
categorized as the second stress response (1). Hyperglycemia, occurring from CAs and cortisol 
stimulated glycogenolysis (39) to satisfy the increased metabolic demand, is one of the main 
parameters used to measure stress. Sustained hyperglycemia, after the effects of initial 
catecholamine, is maintained through the stimulatory effect of cortisol (35). Generally, secondary 
stress responses occur within a few minutes to an hour after stress exposure, usually persisting for 
longer time periods (1). Further, CAs stimulate to increased ventilation rate, gill lamellar recruitment 
and cardiac output for the purpose of increasing oxygen availability to the body cells. Increasing 
blood volumes moving through an increased surface of gill epithelium may cause loss of ions in 
Figure 3: Possible stressors and physiological effects of the 
primary, secondary and tertiary stress responses. From Portz 
et al. 2006 (1). 
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freshwater fishes (1). Increasing circulating catecholamines also have the ability to increase cell 
metabolism by stimulating to increased glycolysis resulting in elevated use of oxygen (40). 
Chronic stress exposure will be detrimental causing osmoregulatory dysfunction, decreased body 
immune-competence and  body growth with mortality following (41). At this point, the stress 
response can be categorized as a tertiary response, often relating to whole animal response.  
Anesthesia 
The term “welfare” refers to the state of an individual in relation to its environment (42). Recently, 
fish welfare has received more attention and is today a topic of great interest (43, 44).  Maintaining 
fish welfare is of producer’s best interest, not only for public perception, marketing and product 
acceptance, but also for fish production itself, affecting efficiency, quality and quantity. Little is 
known about the feelings of an animal, but behavioral and physiological responses are measurable 
(42). Ongoing scientific debate argues whether fish is neural capable for awareness, fear and pain 
(45). Experiments done by Sneddon on rainbow trout injected with bee venom in the lip where 
nociceptors are located, showed increased gill ventilation, extended achievement of normal feeding 
and abnormal behavior, concluding ability of sensing pain (46). However, the lack of neocortex in the 
fish brain is argued by some to conclude the opposite, being that this part of the brain provides the 
basis for pain and fear consciousness (47, 48). The recent increasing extent of scientific activity 
concerning fish welfare predicts an even greater interest of this topic in the future (49). 
Anesthetic agents are applied to fish to induce loss of sensation and immobilization, by depressing 
central and peripheral nervous systems (50), causing reduced voluntary movement and reduced 
sensory perception (51, 52). Anesthesia is applied either by physical (electric tension or 
refrigeration) or chemical (agents), latter being most widely used (53) . Anesthetic agents have 
shown to reduce physiological parameters related to stress and to reduce mortality upon stress 
exposure (50, 54). The agent is subjected by exposing the fish to water applied with the agent, 
where its absorbed through the gills and skin, entering the circulatory system further passing the 
blood-brain barrier, causing an effect on the central nervous system (8, 55). Fish show varying 
behavioral traits upon exposure to anesthesia, depending on species, agent and concentrations used 
(56). Several stages from anesthesia have been characterized.  
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Table 1: Stages of anesthesia and fish behavioral characteristics. (Øistein Preus Hveding 2008, modified from 
McFarland 1959, Schoettger et al. 1967 and Burka et al. 1997 (57-59). 
Stage Description Behavior 
0 Normal Active swimming; reactive to external stimuli; equilibrium, 
opercular rate and muscle tone normal 
1 Light sedation Reduced swimming activity; slight loss of reactivity to external 
visual and contractile stimuli 
2 Light narcosis Equilibrium loss with efforts to right; increased respiratory rate 
3a Deep narcosis Total loss of equilibrium; decreased muscle tone and 
respiratory rate; some reactivity to stimuli 
3b Surgical anesthesia Total loss of reactivity and muscle tone; very low respiratory 
rat, depressed heart rate 
4 Medullary collapse Respiration ceases; cardiac arrest; death normally follows 
 
The use of fish anesthetic agents is frequent within aquaculture and research procedures, because of 
their mobility- and stress-reducing abilities. For procedures such as handling and transportation, 
anesthesia- and sedation-achieving concentrations are used, respectively.  Fish is subjected to 
deeper stages of anesthesia when performing blood sampling and surgery (53).  
Exposing the fish to an anesthetic agent, can itself be disadvantageous, being that the chemical 
restraint itself can be negative to the fish, causing physiological disturbances similar seen in a stress-
response. Still, sedation and anesthesia produce a lower stress response compared to when 
performing non-anesthetic applied handling and transport, in terms of elevations in primary and 
secondary stress responses (60-62). When transporting fish, maintaining water quality is of 
uttermost importance (6). A decreased demand of oxygen, due to sedation induced lowering of 
metabolism may result in slower depletion of total oxygen and excretion of metabolic wastes, such 
as carbon dioxide and ammonia into the water (61, 63, 64).   
Since its introduction in the 1960s, tricaine methane-sulfonate (MS-222) has been one of the most 
used anesthetic worldwide (65). It is applied to reduce stress during research and aquaculture 
procedures such as handling, transport, blood sampling, surgery (50). MS-222 is supplied as 100 % 
pure drug for the purpose of direct application in water, with the solubility of 11 %. Due to high lipid 
solubility, MS-222 is considered a suitable anesthetic for both fresh- and saltwater fish. The level of 
anesthesia or sedation varies depending on exposure time and concentration of the drug. 
Environmental factors such as temperature, pH, oxygen content, hardness and salinity, as well as 
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biological factors i.e. species, sex, age, weight, size, lipid content and biomass density are known to 
affect drug efficacy (65).  
Absorbed through the gills and skin of the fish, MS-222 enters the blood and is further distributed 
throughout the fish body (66), where it suppresses nerve membrane excitability by inhibiting 
entrance of Na+ into the nerve (67), reducing voluntary movement and sensory perception of the 
fish (51, 68), as well as blocking brain activity and sound sensitive neurons (51, 69, 70). Due to its 
acidity, application of MS-222 in un-buffered water can alter water pH considerably (71). Exposure 
to MS-222 itself has shown to elevate physiological stress parameters (50, 72). However, acute 
immobilizing concentrations of MS-222 prior to handling and loading has shown to reduce 
physiological stress responses during and after live fish transport (10). Thus, the importance of 
establishing suitable anesthetic concentrations and treatment methods that will not act as a stressor 
has been elucidated (65).  
The purpose of this study 
Stress exposure during loading and transport due to handling and deteriorating water quality have 
detrimental effect on fish, and may lead to mortality. The use of an anesthetic could reduce both 
oxygen depletion and release of fish metabolic wastes and therefor prolong possible time of 
transport. This would benefit rural areas characterized by its poor technology and/or time 
consuming transport.  Accordingly, by monitoring oxygen consumption within a closed system, the 
aims of the present work were to study snow-trout and Red Zebra and answer the following: 
1. Is weight specific oxygen consumption affected by stocking density? 
2. Can sedation reduce oxygen consumption and thereby prolong transport time? 
3. Does the sedatory chemical have negative impact on the fish blood chemistry? 
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MATERIALS & METHODS 
 
Study site and object 
The study was divided in two parts, first one in Nepal, where simulated transport of live snow-trout 
(Schizothorax plagiostomus) and the possible prolonging effect of MS-222 on transport time, by its 
efficacy on oxygen consumption, was investigated. When returning to Norway, a comparative study 
on the metabolic and blood response to varying sedative treatments on Red Zebra (Metriaclima 
estherae) was conducted.  
Substudy 1 – Snow-trout 
The snow-trout, also known by the Nepalese as the Buche Asla, was the first object of this study. 
Experimental fish consisted of 170 Melamchi (2.4 ± 1 g) and 150 Trishuli (3.3 ± 1.5 g) fingerlings. 
Melamchi fish had been bred at the station from a brood stock originating from the Melamchi River. 
Trishuli fish had been collected the same season from Trishuli River. Breeds were kept separate in 
cylindrical concrete tanks, until last days of experimental period when conducting high stocking 
density studies. An acclimation tank and a recovery tank were each used for 24 hour per group, prior 
and after experiment, respectively, to ensure that intestines were emptied and prevent any 
repetitive use of fish from day to day. Tanks, two meters in diameter, were all identical in shape and 
size. Small rocks were applied inside the tanks to provide fish shelter. Tanks were continuously 
supplied with fresh water, originating from an up-hill creek. Tank water temperature varied between 
12 and 15.5 °C as a result of changing ambient temperature. Water level was kept at 30 cm. Fish 
were daily fed dry egg powder from local supplier. Experiments were performed at the Nepal 
Agricultural Research Council (NARC) Fisheries Research Division, Godawari during March – April 
2013. 
Substudy 2 – Red Zebra 
The Lake Malawian Red Zebra cichlid was chosen as the second study object. Fish was supplied from 
a hobby aquarist located in Levanger, first batch in May 2009 and a second in June 2013. Fish were 
stored in numbers up to 8 animals per 180 L glass aquariums, kept in a climate room holding 21°C at 
NTNU Gløshaugen, Trondheim. The aquariums were equipped with chopped gutter tubes, sand 
grains and water pumps. Water was collected from 250 L water filled stocking barrels, added 5 
grams of salt (Felleskjøpet). Photo period was set at 07 – 19:00 hours, resulting in a 12L : 12D light 
regime. Fish used in the experiment consisted of both juvenile and adult specimens, weighing from 
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7.6 to 36.6 gram. Fish were fed daily with commercial flake food (TetraPro Algae™) between 12 – 
14:00 hours. Experiments were performed during May – July, 2013.  
Anesthesia 
The anesthetic used in the experiments was MS-222 (tricaine methane-sulphonate 100 %). 
Concentrations used in the experiments are expressed in miligrams per liter (mg L-1). To induce 
anesthesia and sedation, concentration determination done by Øystein Preus Hveding (73) and Stine 
Ims (74) was used. Throughout all sedative experiments, fish status were checked regularly to ensure 
that stage 2 of anesthesia (table 1) was not entered. 
Respirometry 
Cylindrical plexiglas tubes by volumes of 50, 12 and 3.7 L were used as respiratory chambers. 
Plexiglas discs were applied as bottom and top lids, sealing off the chamber. A small fine netted 
chamber was attached onto the bottom lid, holding a magnetic stone. Removable top lid was 
supplied with customized edges, providing static positioning. Two holes with transecting air tube 
nipples were applied through the top lid, from where water sampling or refilling was performed. To 
ensure total sealing and prevention of gas diffusion across air phase (outside) and water phase 
(inside), vaseline was applied between lid and cylinder tube. A hole was made through the wall of 
the chamber, in order to insert a nipple keeping the cable from an optical oxygen electrode (inside) 
connected to an oxygen meter (YSI ODO™) on the outside. A magnetic stirrer was located below the 
chamber, providing a uniform environment in the water masses, by rotating the magnetic stone 
inside the chamber. Walls of the respiratory chambers was either covered with black plastic bags 
(Nepal) or applied two layers of black paint (Norway), to reduce potential stress caused by external 
movement in proximity of the chamber.    
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Figure 4a: The three sizes of respiratory chambers used in the experiments with A) snow-trout (50 L), B) group 
of Red Zebra (12 L) and C) single individuals of Red Zebra (3.7 L). During snow-trout experiments, the chamber 
wall was covered with black folded plastic bags in similar manner as of chamber B and C. 
 
 
Figure 4b: The respiratory chamber applied for simulated transport of snow-trout. The 50 L cylindrical plexiglas 
chamber had A1) a handheld oxygen meter and B1) a handheld pH meter connected to an inside A2) optical 
oxygen probe and B2) a pH probe, respectively. Inside connected to the bottom lid was C) a fine netted 
chamber holding a magnetic stone and contact with D) an outside magnetic stirrer. E) A refill hose was 
connected through the removable top lid 
Acrifix® 192 was applied to connect bottom lid to cylinder and the fine meshed netting to the walls 
of the chamber of the magnet stone.  The chamber, housing the magnetic stone, was connected to 
the bottom lid by standard aquarium silicone. After gluing process, water and water pump was 
applied to the chamber and held over-night, circulating. Water change was performed three times, 
once before and after over-night circulation, before subjecting fish to the chamber. 
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Experimental procedure 
When studying oxygen consumption on snow-trout, experiments containing only groups of fish were 
carried out. It was also planned to perform experiments on individual fish, however lacking 
fulfillment of bilateral working contracts from NARC with respect to fish availability and working 
location prohibited the execution of such measurements. In order ensure documentation of aspects 
reflecting real life conditions during transport of live fish, measurements on group fish oxygen 
consumption was a priority. 
Experiment 1a – Oxygen consumption of snow-trout at different stocking densities in a closed 
system 
One day prior to experiment, fish were transferred from outside stocking tank to a neighbor tank, 
for a following 24 hour feed deprivation. Further, fish were transferred to an inside rectangular glass 
aquarium, containing fish shelter and 40 L water from feed deprivation- tank. Additional water from 
same tank was added to a 50 L cylindrical respiratory chamber. Fish were kept in the aquarium for 
60 minutes. During this time, both waters of aquarium and respiratory chamber were supplied with 
aeration to provide equal oxygen saturations. Side walls of aquarium and respiratory chamber were 
covered with folded black plastic bags to ensure a non-stressful setting by eliminating fish’s 
detection of human movements close to the aquarium. Additional non-see-trough top cover was 
applied to aquarium, preventing fish from jumping out.  
Fish were netted and transferred to the respiratory chamber at fixed time intervals, until the oxygen 
saturation level was down to 3 mg L-1 (DO2). Water samples were collected at start and every 2 ½ h 
during experiment for later ammonium analysis (Analysesenteret, Trondheim). After experiments, 
fish was transferred in batches (≈20 piece) to an aquarium containing anesthetic dose of MS-222 (50 
mg L-1). At loss of equilibrium fish were netted and individual weight was recorded (ScalTech SPB 42), 
for further transfer to a barrel containing untreated water for recovery.  
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Table 2: Weight and stocking density for groups of snow-trout subjected to 50 and 30 L water. Mass and 
temperature values are expressed in mean ± SD.  
Origin N Volume 
(L) 
Mass 
(g) 
Tot weight 
(kg) 
Density  
(kg L-1) 
Start DO2  
(mg L-1) 
Temp. 
(°C) 
pH 
interval 
Trishuli 50 30 3.0 ± 1.00 0.16 0.0054 8.13 13.3 ± 0.8 7.91 – 7.56 
" 50 50 2.9 ± 1.00 0.15 0.0030 8.4 14.9 ± 0.6 7.96 – 7.53 
" 100 30 3.2 ± 1.09 0.31 0.0105 8.09 13.8 ± 0.1 7.96 – 7.59 
" 100 50 3.2 ± 1.13 0.30 0.0062 8.31 15.9 ± 0.2 8.04 – 7.57 
" 150 30 3.2 ± 1.31 0.48 0.0158 8.3 14.4 ± 0.1 8.00 – 7.59 
" 150 50 3.3 ± 1.50 0.50 0.0104 8.38 12.1 ± 0.2 --- 
Melamchi 50 30 2.5 ± 0.89 0.13 0.0043 8.26 13.9 ± 0.3 7.96 – 7.57 
" 50 50 2.4 ± 0.74 0.12 0.0026 8.2 14.2 ± 0.8 8.00 – 7.52 
" 100 30 2.3 ± 0.90 0.24 0.0080 8.13 14.8 ± 0.0 8.05 – 7.63 
" 100 50 2.3 ± 0.90 0.24 0.0050 8.62 12.6 ± 0.4 8.03 – 7.57 
" 150 30 2.4 ± 0.93 0.36 0.0120 8.21 15.2 ± 0.2 8.05 – 7.61 
" 150 50 2.4 ± 0.93 0.36 0.0075 8.57 13.8 ± 0.3 7.99 – 7.57 
T & M 300 50 2.9 ± 1.49 0.85 0.0180 8.31 14.6 ± 0.1 7.96 – 7.59 
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Experiment 1b – Oxygen consumption of snow-trout when subjected to MS-222 sedative 
treatments 
Procedure for following experiment was performed similar to that described above in Experiment 
1a. Fish were transferred into the respiratory chamber containing 0, 15 or 25 mg L-1 [MS-222]. The 
sedative solutions were achieved by adding 0.75 and 1.25 grams of MS-222 directly into 50 liters of 
water. 
Table 3:  Groups snow-trout exposed to concentrations of MS-222. To perform experiment with 300 snow-
trout, both Melamchi and Trishuli fish was used. Mass values are mean ± SD.  
N 
Sedative 
treatment 
Origin 
[MS-222] 
Treatment 
Mass 
(g) 
Tot  
weight (g) 
Density 
(kg L-1) 
Temp. 
(°C) 
150 High Melamchi 15 mg L-1 2.5 ± 0.83 374.2 0.007484 15.5 ± 0.1 
150 Heavy Melamchi 25 mg L-1 2.5 ± 0.83 374.2 0.007484 15.1 ± 0.1 
300 Zero M & T 0 2.9 ± 1.50 849.2 0.016984 14.6 ± 0.1 
300 High M & T 15 mg L-1 2.9 ± 1.50 849.2 0.016984 15.4 ± 0.1 
300 Heavy M & T 25 mg L-1 2.9 ± 1.50 839.2 0.016784 15.1 ± 0.2 
 
 
Experiment 1c - Oxygen consumption of snow-trout when subjected to MS-222 sedative 
treatments, following pre-anesthesia 
Procedure for following experiment was performed similar to that described in Experiment 1a, until 
netting and transferring fish into the respiratory chamber. After the 60 minute rest in the 40 L 
aquarium, fish was anesthetized in a 50 mg L-1 solution, by adding 2 gram MS-222 dissolved in 100 
mL water into the aquarium through a hose. Water aeration provided sufficient mixing of the 
anesthetic solution to the water. When all fish lost equilibrium (within 5 minutes), fish were netted 
and transferred to the respiratory chamber containing 5, 10 or 15 mg L-1 MS-222. Desired 
concentrations were achieved by adding 3 L of 50, 100 and 150 mg L-1  MS-222 stock solution to the 
respiratory chamber, holding 27 L pure water. During all three experiments, the respiratory chamber 
was holding 3:2 water to atmosphere.  
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Table 4: Snow-trout exposed to different MS-222 treatments. Weight was measured by bulk measurements. 
 
N 
 
Sedative 
treatment 
 
Origin 
MS-222 Pre-
anesthesia 
(mg L-1) 
MS-222 
Sedation 
(mg L-1) 
Total 
weight 
(g) 
 
Density 
(kg L-1) 
 
pH interval 
 
Temp. 
(°C) 
65 Low  Trishuli 50 5 194.6 0.0065 7.91 – 7.68 15.2 ± 0.2 
65 Medium Trishuli 50 10 0190 0.0060 7.92 – 7.52 16.0 ± 0.0 
65 High Trishuli 50 15 197 0.0066 7.79 – 7.62 16.8 ± 0.2 
 
Temperature between the experiments differed, as seen in table above. To compare rates of oxygen 
consumption of the three group, MO2 values were temperature corrected to 16 °C with a Q10 = 2. 
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Experiment 2a – Oxygen consumption of Red Zebra when subjected to MS-222 sedative 
treatments, following pre-anesthesia 
One day prior to experiment, fish were transferred from stocking aquarium to a neighbor non fed 
acclimation aquarium, containing fish shelter (chopped gutter pipes) and 40 L water. An additional 
0.5 L from the fishes tank of origin was added to provide any prior accustomed odorants. Water was 
under continuous aeration. Aquariums were painted black on three of its sides, leaving one see-
through side exposed to an area with no human traffic occurring. A black plate was used as lid, 
covering 5/6th of the top opening.  
After 24 hours of acclimation, fish were netted and transferred into a respiratory chamber where the 
drop in dissolved oxygen (DO2) was logged by an oxygen meter (YSI ODO). Single fish experiments 
were carried out in a 3.7 L chamber, while group (N=6) experiments were assigned to a 12 L 
chamber. Water used in the respiratory chamber was collected from same stocking barrel as fish 
were accustomed to 24 h prior to experiment. Experiments included pre-anesthesia prior to transfer 
and a sedative concentration in the respiratory chamber. Pre- anesthesia was induced by subjecting 
fish into a black bucket containing an anesthetic water bath. Water samples were collected before 
and after experiments, further frozen immediately for later pH measuring.  
Table 5: Red Zebra exposed MS-222 treatments, as single or in groups of six fish. Values are expressed in mg L-
1. 
Groups Pre-anesthesia Sedation 
Control 0 0 
No sedation 150 0 
Low sedation 150 10 
Medium sedation 150 30 
High sedation 150 50 
 
After transferring fish into the respiratory chamber, a lid applied with a smooth layer of vaseline 
under its edge, was put on top. Additional water was applied through a transectional lid hose until 
the chamber was completely filled with water.   
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Table 6: Single individuals and groups of Red Zebra exposed to different sedative treatments of MS-222. 
Individual weights of group experiments and single fish density are in mean ± SD.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Treatment 
[MS-222] 
 
N 
 
Mass (g) 
Tot 
weight 
(g) 
 
Density 
(kg L-1) 
 
pH interval 
 
Temp. 
(°C) 
Single 0 -- 0 7 18.0 ± 3.9 - - 7.82 – 7.80 20.4 
« 150 -- 0 6 19.5 ± 6.5 - - 7.69 – 7.68 20.9 
« 150 -- 10 5 27.3 ± 6.5 - - 8.03 – 7.74 21.4 
« 150 -- 30 6 22.8 ± 7.9 - - 7.73 – 7.43 20.8 
« 150 -- 50 5 18.8 ± 2.0 - - 7.48 – 7.31 21.4 
Group 0 -- 0 6 10.9 ± 1.7 65.4 0.0055 7.73 – 7.34 21.4 
« 150 -- 0 6 9.9 ± 1.9 59.4 0.0050 8.05 – 7.68 20.8 
« 150 -- 10 6 11.2 ± 1.7 67.2 0.0056 7.81 – 7.92 20.8 
« 150 -- 30 6 9.0 ± 1.9 54.2 0.0045 7.83 – 7.47 20.2 
« 150 -- 50 6 15.6 ± 3.7 93.6 0.0078 7.53 – 7.30 21.2 
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Experiment 2b – Blood chemistry of Red Zebra when subjected to a MS-222 sedative treatment, 
following pre-anesthesia 
Groups of Red Zebra (N = 6) were exposed to untreated and treated simulated transport for 2 ½ 
hour after 24 h in a non fed acclimation aquarium. At the end of transport, blood from caudal vein 
was sampled by use of 1 mL syringes (Omnifix®-F) after a quick blow to the head. Blood chemistry 
analyses of sodium, glucose, lactate and hemoglobin were performed by use of i-STAT™ and EC8+ 
cartridges. Top lid was re-applied between single fish blood sampling to prevent diffusion of gases in 
or out of the tank. Dissolved water oxygen was monitored to ensure that these were kept stabile 
throughout the sampling procedure. In order to compare values, blood samples were collected from 
fish exposed to 24 hour acclimation and 2 ½ hour untreated simulated transport.     
Table 7: Exposed and non-exposed MS-222 groups (N=6) of Red Zebra. Control group experienced no handling 
or transferring to respiratory chamber. Individual weight values are mean ± SD. 
 
N 
 
Sedative 
treatment 
MS-222 Pre-
anesthesia 
(mg L-1) 
MS-222 
sedation 
(mg L-1) 
 
Mass 
(g) 
Total 
weight  
(g) 
 
Density  
(kg L-1) 
 
pH 
interval 
 
Temp. 
(°C) 
6 Control - - 20.5 ± 5.9 - - - 21.0 
6 Zero 0  0 10.9  ± 1.3 63.5 0.0055 7.75 – 7.63 21.0 
6 Medium  150 30 9.0 ± 1.9 54.2 0.0045 7.83 – 7.47 20.2 
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Analytic procedure  
Estimating transport time of different stocking densities of snow-trout 
Experiment duration was defined by the time for oxygen saturation to reach 3 mg L-1 (DO2). Start 
saturation varied between experiments (table 2), resulting in different total oxygen availability. To 
compare groups, the difference from start to end oxygen saturation of the group starting off at the 
lowest saturation (100 T 30 L ; 8.09 mg L-1), was set as new DO2 interval (5.09 mg L
-1). The time for 
each group to reduce oxygen saturation equal to this interval was further used for estimating 
transport time.  
Slope analysis 
Values of oxygen saturation were exported from oxygen measuring software (YSI Data Manger) into 
a statistics program (SigmaPlot). Saturation values (milligrams of oxygen per liter) and time 
(minutes) were plotted at Y- and X-axis, respectively. Shape of curve, illustrating post-handling 
oxygen consumption was further divided into three phases. Phases were as follows 
A: Initial phase 
B: Transitional phase 
C: “Resting” phase 
Figure 5: Dissolved water oxygen during simulated transport time (left) and the rate of oxygen consumption at 
the different phases (right). 
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Slope to the left illustrates a typical reduction of dissolved oxygen (DO2) seen after handling and 
transferring fish. Starting off as an initial steep fall in DO2 (initial phase), the rate of oxygen depletion 
declines after a 15 – 20 minute period (transitional phase). Within 30 – 40 minutes the regression 
slope decreases less than earlier, representing a state where the fish starts settling down from the 
earlier stress exposure (“resting” phase). Oxygen consumptions were calculated from stable C-phase 
periods in order to ensure that estimates reflected a period of where fish showed constant 
consumptions for longest period.   
Estimating C-phase oxygen consumption  
In closed respiratory chambers, the rate of oxygen consumption (MO2) during stabile consumption 
phases is estimated by multiplying ∆DO2 from a ten minute interval by the water volume of the 
respiratory chamber, further dividing this by ∆t and body mass, yielding the rate of oxygen 
consumption per unit weight (O2 fish weight
-1 time-1) (75). To ensure rate consumption estimates 
that reflected the phase, all DO2 values from a minimum of ten minutes within this period was used 
when calculating MO2, using linear regression (SigmaPlot for Microsoft Windows 12.5 Systat 
Software Inc.). All C-phase MO2 estimates were retrieved from oxygen saturations above 4 mg L
-1. 
Estimating oxygen consumption in a sedative solution 
Trends in oxygen consumptions varied during fish respirometry in different sedative treatments of 
MS-222. When studying simulated transport of snow-trout in Nepal, all trends of oxygen depletions 
in a sedative solution illustrates the sum of oxygen consumption of the n individuals inside the 
closed respiratory chamber. Individual fluctuations in O2 consumption are therefore “covered” by 
the consumption of the other n-1 fish present in the chamber. However, studying oxygen depletion 
from single Red Zebra individuals, clearly illustrated cross-individual differences in MO2 seen with 
two overall trends; a) smooth reduction in dissolved oxygen or b) repetitive bursts of increased 
depletion of dissolved oxygen (see figure below). Using SigmaPlot 12.5, linear regression of the 
representative overall reduction trend of the phase was found. If plot showed all through stabile 
reductions, then rate of consumption could be estimated easily.  
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Figure 6: Dissolved oxygen of the respiratory water in a closed chamber applied single Red Zebra individuals. 
Both (a) stabile and (b) repetitive burst oxygen uptakes were observed.    
Estimations of C-phase oxygen consumption on Red Zebra were performed at fairly similar time 
interval to ensure equal recovery time after handling stressor. During this period dissolved oxygen 
levels were all above 7 mg L-1, with a few exceptions. 
Estimating initial “A” phase oxygen consumption in a sedative solution 
During sedative experiments of Red Zebra, the efficacy of the anesthetic MS-222 on reducing oxygen 
consumption during the initial “A” phase” was also included.  
Ammonia estimations 
Proportion of un-ionized ammonia was estimated using temperature, pH and ammonia pKa (76) in 
Microsoft Windows Excel spread sheet (Trond Rosten, SINTEF). 
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Graphic and statistics 
Graphic illustrations in this study was performed in SigmaPlot 12.5 (Systat Software Inc. ) for 
Microsoft Windows. Graphics illustrating oxygen consumption at sedative treatments following pre-
anesthesia have X-axis (A – B) values representing anesthetic MS-222 concentration prior to netting 
(A), and sedative treatment in the respiratory chamber (B). Values are expressed in mg L-1. 
Data failing normality, not meeting assumptions for parametric statistical tests, were log 10 
transformed for later Tukey HSD in IBM® SPSS® Statistics 21.   
Experiments of this study were performed as a pilot study of the greater Sustainable Poverty 
Reduction in Nepal (SPRN) program. Due to inadequate material availability when studying the 
transport of live snow-trout in Nepal, alternative solutions to experiment conduction was done. To 
obtain measurements of value, experiments had to be planned and performed on the basis of the 
resources available (fish and stocking tanks). It was decided to sacrifice the opportunity of 
performing statistical analysis in order to obtain qualitative information regarding the possible 
effects of strain, stocking density, tank water:air relationship and anesthetic treatment.   
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RESULTS 
 
Exp. 1a – Oxygen consumption of snow-trout at different stocking densities 
in a closed system 
Average constant oxygen consumption varied from a low 108.6 mg O2 kg
-1 h-1 to a high 262.8 mg O2 
kg-1 h-1 depending on transport system, density and snow-trout strain. Snow-trout fingerlings of 
Trishuli strain showed a lower rate of oxygen consumption throughout all experiments, when 
compared to the Melamchi fingerling strain. Both breeds showed higher consumption rates when 
transport was performed at higher densities. When increasing stocking density from low to high, 
Melamchi strain showed a 65 % higher MO2 increase than the Trishuli strain. Increasing stocking 
density from low to high in a transport system containing atmosphere resulted in higher changes in 
MO2 compared to stocking density increases in transport systems with no atmosphere, by about 350 
and 200 % for Trishuli and Melamchi strain, respectively. When Melamchi and Trishuli strain were 
combined, fingerlings showed a consumption rate of only 168.6 mg O2 kg
-1 h-1.   
A tendency of a non-linear MO2 development with increasing stocking densities was seen for almost 
all groups, with the exception of highest density of Melamchi fingerlings in a container holding 5:0 
water to atmosphere.  
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Figure 7: Weight specific oxygen consumption for Trishuli and Melamchi snow-trout fingerlings kept at 
different stocking densities. O2 measurements were done using a closed transport tank holding 5:0 or 3:2 parts 
water:atmosphere. During experiments temperature and pH varied between 12.1 – 15.9 °C and 7.52 - 8.05, 
respectively.   
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When allowing a drop of 5 mg L-1 in dissolved oxygen the corresponding estimated possible 
transport time for the different combinations of snow-trout strain, tank water volume and density is 
shown in figure 8. If pairwise compared, almost identical transport time is shown for both fingerling 
breeds, despite higher stocking densities of Trishuli fingerlings.     
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Figure 8: Time of transport for Trishuli and Melamchi snow-trout fingerlings kept at different stocking 
densities. O2 measurements were done using a closed transport tank holding 5:0 or 3:2 parts 
water:atmosphere. During experiments temperature and pH varied between 12.1 – 15.9 °C and 7.52 - 8.05, 
respectively.  
 
From the different stocking density transport time of each fingerling strain, two functions were 
estimated, yielding; 
Trishuli:                  (      )           
      
      
                                                                           (1) 
Melamchi:             (      )           
      
      
                                                                           (2) 
 
for                       
 
where, 
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with total hours of transport time, t, as a function of stocking density (kg L-1), derived  by multiplying 
number of fish (n) by mean body weight (in grams), further dividing this weight (in kilos) by volume 
of water in the sealed container, holding either 5:0 or 3:2 water to atmosphere.  
For practical use, transporter would more likely be interested in estimating maximum stocking 
density possible for a given hours of transport, obtained by rearranging the function 1 and 2; 
Trishuli:                            ( )  
      
        
                                                                                          (3) 
Melamchi:                       ( )  
      
        
                                                                                           (4) 
Two graphs were plotted from function 3 and 4 illustrating the possible stocking density as a 
function of desired transport time of Melamchi and Trishuli fingerlings; 
Transport time (h)
0 2 4 6 8 10 12
S
to
c
k
in
g
 d
e
n
s
it
y 
(k
g
 L
-1
)
0,000
0,005
0,010
0,015
0,020
0,025
0,030
Trishuli 
Melamchi 
 
Figure 9: Maximum stocking density of the two snow-trout fingerling strains Melamchi (BW 2.4 g) 
and Trishuli (BW 3.3 g) as a function of desired hours of transport time at a temperature of ≈ 14 °C. 
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Water quality changes during transport of snow-trout 
Changes in water pH and ammonia content were measured during the simulated transport of snow-
trout.   
pH changes 
Total pH intervals of the individual transport experiments are shown in table 2. Progression of pH 
reduction is illustrated in Appendix A. Water pH changed from 8  to 7.5 during transport when water 
O2 saturation dropped from 8 to 3 mg L
-1. Simulated transport performed with 5:0 parts 
water:atmosphere showed greater pH reductions when compared to 3:2 of same fish quantity. In all 
experiments, trend of pH reduction throughout simulated transport was characterized by inverse 
proportionality. When comparing log DO2 and pH, a non-linear relationship is seen.  
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Figure 10:  Changes in pH and dissolved oxygen during simulated transport of 100 Trishuli snow-trout (0.0105 
kg L-1 ) in a closed (3:2, water:atmosphere) tank. T = 13.8 ± 0.1°C 
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Ammonia accumulation 
An increase of ammonia concentration from 0.00048 to 0.0015 mg NH3 L
-1 was seen during 1.7 hours 
for simulated transport of the highest density. At lowest density of snow-trout ammonia 
concentrations in the water increased from 0.00022 to 0.00087 during first 10 hours of transport.  
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Figure 11: Changes in un-ionized ammonia during simulated transport of Trishuli and Melamchi 
snow-trout fingerlings during a period with DO2 drop from 8 to 3 mg L
-1.  
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Exp. 1b – Oxygen consumption of snow-trout when subjected to MS-222 
sedative treatments 
The purpose of this experiment was to study the effect of increasing sedative concentrations of MS-
222 on oxygen consumption of snow-trout kept at different stocking densities.  
C-phase oxygen consumption rates 
Snow-trout fingerlings stocked at different densities showed different changes in oxygen 
consumption between exposures to two MS-222 sedative concentrations during simulated 
transport. Greatest change in MO2 was seen during low stocking density (Melamchi) transport with a 
25 mg L-1 sedative concentration, lowering the rate of consumption of controls from 222 to 110.4 mg 
O2 kg
-1 h-1. This reduction was only slightly greater when compared to 15 mg L-1 MS-222 exposure, 
which resulted in a MO2 of 128.4 mg O2 kg
-1 h-1. During high stocking density transport of snow-trout 
fingerlings, any sedative concentration exposure during transport resulted in only minor changes in 
rates of consumption, with a reduction of 18 % when exposed to the highest sedative concentration, 
compared to control. A higher sedative concentration was necessary to achieve any MO2 reduction 
by MS-222 sedation during transport of highest density.  
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Figure 12: C-phase rate of oxygen consumption per unit weight (Y-axis) of snow-trout at 0.008 
(Melamchi) and 0.018 kg L-1 (both strains) exposed to sedative concentrations of MS-222 (X-axis). T = 
15.2 ± 0.3 
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Transport time  
Low stocking density transport of snow-trout subjected to sedative concentrations of MS-222 
resulted in a marked prolonging of total transport time from 2 ¾ (control) to 4 ¾ - 5 hours. However, 
total transport time of low stocking density was not very affected when increasing the sedative 
concentration from 15 to 25 mg L-1. When exposed to similar concentrations, snow-trout 
transported in a high stocking density showed only minor prolonging of total transport time. 
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Figure 13: Total transport time of two stocking densities of snow-trout exposed to different sedative 
concentrations to water oxygen saturation reached a drop by 5.04 units (mg L-1). T = 15.2 ± 0.3.  
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Exp. 1c - Oxygen consumption of snow-trout when subjected to MS-222 
sedative treatments, following pre-anesthesia 
The purpose of this experiment was to determine the effect of increasing sedative concentration on 
oxygen consumption of snow-trout. 
C-Phase oxygen consumption 
Fish exposed to varying sedative concentrations following a pre-anesthetic treatment of MS-222 
showed slight differences in oxygen consumption. Snow-trout exposed to lowest sedative 
concentration showed highest rates of oxygen consumption. MO2 was reduced from 135 mg O2 kg
-1 
h-1 when subjected to a 5 mg L-1 sedative treatment to 110 – 120 mg O2 kg
-1 h-1  when subjected in 10 
and 15 mg L-1 MS-222.  
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Figure 14: Rate of oxygen consumption per unit weight (Y-axis) of snow-trout (Trishuli) exposed to 
sedative concentrations of MS-222 (X-axis) during simulated transport at 0.0065 kg L-1. T = 16.0 ± 0.6 
°C and pH = 7.8 ± 0.1. Rates was temperature corrected to 16 °C for comparison, with Q10 = 2. 
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Total transport time 
Subjecting snow-trout at a similar stocking density to simulated transport of different sedative 
concentrations resulted all in approximately 3 hours for the oxygen saturation in the container to 
reach a 2.94 unit reduction. A slightly prolonged time of possible transport time was seen when 
subjecting snow-trout to 10 and 15 mg L-1 MS-222.  
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Figure 15: Time from subjecting Trishuli snow-trout (0.0065 kg L-1) to water oxygen saturation 
reached a drop of 2.94 units (mg L-1). T = 16.0 ± 0.6 °C and pH = 7.8 ± 0.1 
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Exp. 2a – Oxygen consumption of Red Zebra when subjected to MS-222 
sedative treatments, following pre-anesthesia 
The purpose of this experiment was to study the reduction efficacy of different sedative treatments 
of MS-222 on oxygen consumption on Red Zebras. The experiment was conducted on single and 
group individuals. 
During initial A phase both individual and group showed variations of oxygen consumption 
depending on sedative treatment following pre-anesthesia. Untreated control of both individual and 
group expressed highest MO2 of 200 and 325 mg O2 kg
-1 h-1, compared to fish exposed to an 
anesthetic treatment which showed MO2 rates of about 150 mg L
-1. Even though not significant 
different, fish subjected in 0 and 10 mg L-1 MS-222 following pre-anesthesia showed slightly 
increased MO2 compared to fish subjected in 30 and 50 mg L
-1. Greatest difference was seen 
comparing untreated control to fish exposed to 30 and 50 mg L-1, showing significant difference (P < 
0.05 Tukey HSD). 
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Figure 16: Rate of oxygen consumption per unit weight (Y-axis) of single and groups of Red Zebra exposed to 
treatments of MS-222 (X-axis) during A phase. T = 20.2 – 21.4 °C and pH = 7.31  - 8.05. Values are mean ± SD. 
Bars with different letters are significantly different (P < 0.05 Tukey HSD).  
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C phase MO2 of single Red Zebra exposed to different anesthetic treatments showed treatment 
dependent variations, significant different by P < 0.05 (ANOVA). During C phase, highest rates of 
oxygen consumption of individuals (130 mg O2 kg
-1 h-1) and group of fish (130 mg O2 kg
-1 h-1) were at 
exposure to 0 mg L-1 following pre-anesthesia. Further, exposure to 10 mg L-1 resulted in higher 
consumption rates of when compared to fish exposed higher sedative concentrations, with single 
Red Zebra subjected to 30 mg L-1 showing significantly lower MO2 compared to fish exposed to pre-
anesthetic treatment only.  
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Figure 17: Rate of oxygen consumption per unit weight (Y-axis) during C-phase on single and groups of Red 
Zebra exposed to different sedative treatments of MS-222 (X-axis). T = 20,2 – 21,4 °C, pH = 7.31  - 8.05. Values 
are mean ± SD. Bars with different letters are significantly different (P < 0.05 Tukey HSD). 
Total oxygen consumed after 60 minutes of simulated transport of Red Zebra varied with type of 
treatment. Untreated group transport (control) showed highest rates of 240 mg O2 kg
-1. Individual 
fish showed significant different TOC60 between single fish MS-222 treatments (P < 0.05 ANOVA), 
with TOC of 110 – 120 mg O2 kg
-1 when exposed to 30 and 50 mg L-1. Group consumption is 
comparable to single fish within anesthetic treatment exposures.    
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Figure 18: Total oxygen consumption after 60 minutes on single individuals and groups of Red Zebra exposed 
to different sedative treatments of MS-222, including control. T = 20,2 – 21,4 °C, pH = 7.31  - 8.05.Values are 
mean ± SD. Bars with different letters are significantly different (Tukey HSD, p < 0.05). 
When exposing groups of Red Zebra (N=6) to a 2 ½ hour simulated transport, total oxygen 
consumption (TOC) decreased with increasing sedative MS-222 concentrations. During transport in a 
non-sedative concentration following pre-anesthesia fish showed a TOC of 420 mg O2 kg
-1. When a 
sedative concentration of 10 mg L-1 was added to the transport container, TOC was markedly 
reduced to 300 mg O2 kg
-1. A further increased MS-222 sedative concentration of 30 mg L-1 resulted 
in a decrease in TOC of 245 mg O2 kg
-1. During exposure to 50 mg L-1 MS-222 fish did not show 
equilibrium recovery from pre-anesthesia. Experiment was therefore terminated after 60 minutes of 
simulated transport.  
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Figure 19: Total oxygen consumption of groups of Red Zebra (N=6) exposed to different MS-222 
sedative concentration. Mean temperature ranged between 20.2 to 21.5 °C, while pH was 7.30 to 
8.05. Experiment involving exposure to 50 mg L-1 was terminated after 60 minutes. 
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Exp. 2b – Blood chemistry of Red Zebra when subjected to a sedative MS-222 
treatment, following pre-anesthesia 
The purpose of this experiment was to determine effects of MS-222 on blood chemistry after a 2 ½ h 
exposure to a sedative solution, following a pre-anesthetic treatment. A 2 ½ hour exposure to 30 mg 
L-1 following pre-anesthesia resulted in significant lower levels of hemoglobin (P < 0.05 Tukey HSD), 
from 8 to 5.5 g 100mL. Untreated fish subjected to simulated transport had Hb levels between 
these. Fish exposed to unsedated and sedated simulated transport showed elevated blood lactate 
concentration from 0.6 mmol L-1 (control) to approximately 1 mmol L-1. Still, no significant difference 
was seen. Oxygen saturation in the respiratory water at sampling time (2 ½ h) for group exposed to 
untreated (0 – 0) and treated (150 – 30) simulated transport was 6.3 and 7.5 mg L-1, respectively. 
L
a
c
ta
te
 (
m
m
o
l 
L
-1
)
0,0
0,5
1,0
1,5
2,0
H
e
m
o
g
lo
b
in
 (
g
 1
0
0
d
L
-1
) 
0
2
4
6
8
10Lactate
Hemoglobin
a
ab
b
 
Figure 20: Hemoglobin and lactate (mean ± SD) of MS-222 treated and un-treated Red Zebra. Values are mean 
± SD. Bars with different letters are significantly different (Tukey HSD, p < 0.05). Lactate values showed no 
significant difference. Temperature ranges between 20 to 21 °C. 
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Blood glucose was significantly higher at 2 ½ hour for both groups subjected to simulated transport 
when compared to controls (P < 0.05 ANOVA).  Sodium concentrations was markedly lower at 2 ½ 
hour of sedative simulated transport, slightly insignificant from controls (p = 0.054 Tukey HSD).   
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Figure 21: Change in blood sodium and glucose concentration of Red Zebra exposed to unsedated (0 – 0) and 
sedated simulated transport following pre-anesthesia (150 – 30), and control. Values are mean ± SD. Bars with 
different letters are significantly different (P < 0.05 Tukey HSD). 
Video monitoring of fish exposed to simulated transport without any anesthetic treatment (0 – 0) 
showed higher swimming activity with fish distributed throughout entire water column, compared 
to a steady bottom positioning observed in fish transported in 30 mg L-1 MS-222.  
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DISCUSSION 
 
Introduction of fish farming to the poor people of developing countries may significantly contribute 
to poverty alleviation. Constituting a major role in aquaculture, the transportation of fish must be 
performed in such a way as to ensure fish health and survival. Limited technical logistics and poor 
transportation infrastructure, demands the application of simple methods when performing live fish 
transportation in remote rural areas. Application of sealed plastic bags for back packing is a well 
know used system. Resulting mortality does, however, document the need for improvement of 
these crude transport forms. Thus, knowledge on fish oxygen consumption and the possible effects 
of variable factors involved in transport procedure (water volume, stocking density, fish size and 
stress) is essential for further improvement of fish transport. 
In this study, the effect of fish stocking density on rate of oxygen depletion in a closed system was 
examined. Fish stress is often accompanied when performing fish netting, crowding and transport. 
Application of an anesthetic (MS-222) was accordingly investigated for its possible improvement on 
total transport duration through sedation of fish activity and oxygen consumption.  
Due to inadequate material availability when studying the transport of live snow-trout in Nepal, it 
was decided to change study procedure in such a manner that more qualitative data were obtained, 
this at the expense of planned repetitive measurements and statistical analysis.   
Two relevant transport scenarios (within developing countries) were chosen for testing fish use of 
oxygen during closed transport. These included back-packing of snow-trout fingerlings in hilly area of 
Nepal, and small container transport of ornamental fish within Malawi.  
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SNOW-TROUT (SCHIZOTHORAX PLAGIOSTOMUS) 
Carrying weight is of considerable importance when performing live fish transport by a back-pack 
system in the hilly Himalayan areas. After interviewing professional (sherpa) carriers, it was 
recommended to develop a system load of 50 – 60 kg. Accordingly, a closed tank system containing 
50 L of water was studied. 
Oxygen consumption in a closed system 
Weight specific oxygen consumption of snow-trout fingerlings documented an overall increased 
oxygen consumption at higher stocking densities. Trishuli fingerlings showed an increase from only 
130 to 175 mg O2 kg
-1 h-1 when fish stocking density was increased from a minimum of 0.003 kg L-1  
to maximum of 0.0158 kg L-1, indicating that fingerlings of the Trishuli strain were only little affected 
by crowding. Their average rate of oxygen consumption are close to what is reported for other carp 
fingerlings at similar temperatures, being approximately 150 mg O2 kg
-1 h-1 (77).  
When increasing the stocking density of Melamchi fingerlings, rates of oxygen consumption showed 
much higher increase than compared to the Trishuli strain, changing from 170 mg O2 kg
-1 h-1 at low 
density (0.0026 kg L-1) to 260 mg O2 kg
-1 h-1 at the higher density (0.012 kg L-1). This approximately 
100 % higher increase in oxygen consumption from lowest to highest stocking density of Melamchi 
fingerlings, compared to Trishuli strain raises interest. Possible explanations for this could be related 
strain specific higher activity or increased stress as a result of strain specific aggressive behavior. 
Trishuli-Melamchi differences are not likely due to differences in domestication since the Trishuli 
fingerlings were collected wild same season from the Trishuli River. 
A possible way to examine whether or not the increased MO2 seen at higher stocking densities of 
Melamchi fingerlings is caused by aggressive behavior would be to “dilute” these fishes with those 
from another non-aggressive strain. Accordingly, when combining Trishuli and Melamchi fingerlings, 
giving a 50 % increase in stocking density (0.018 kg L-1), the rate of oxygen consumption was only 
170 mg O2 kg
-1 h-1, some 90 - 100 mg O2 kg
-1 h-1 lower than for the Melamchi strain alone. It is 
therefore likely that the increased oxygen consumption seen in the Melamchi strain at higher 
stocking densities is due to increased dominant behavior of this strain, compared to Trishuli strain. 
As fish increases in weight its weight specific standard metabolism decreases (78). Further, when 
studying the relationship of body weight to oxygen consumption (VO2 = aBW
b) in pre-smolt Atlantic 
salmon, Cook et al. reported a scaling exponent (b) of 0.85 following a 24 hour feed deprivation (79). 
Further, when comparing 69 teleost species of post-larval stage, Clarke et al. (1999) derived an 
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exponent of 0.79 (80). However, this does not account for the high difference in MO2 seen between 
Melamchi (mean BW of 2.4) and Trishuli (mean BW of 3.3). The role of body weight as an 
explanation to the higher Melamchi oxygen consumption can therefore be rejected. 
O2 availability improvements 
When performing live fish transport in closed systems, adjustments should be tested for the purpose 
of increasing O2 availability or reducing O2 consumption. Possible ways could be the use of a gas 
phase of air or pure oxygen, or adding sedatives to the water (15, 81). Availability of pure oxygen in 
rural areas is low. Therefore, in this study, the effects of 3:2 parts water:air and the possible impacts 
of the anesthetic MS-222 on total transport time was investigated. 
Air phase impact 
Performing simulated transport of snow-trout fingerlings with a 20 L atmosphere in the closed 
transport container did not contribute to any prolongation of transport time. On the contrary, 
estimates of oxygen consumption showed higher values compared to transport performed with 5:0 
parts water:air, indicating negligible diffusion of oxygen from the atmosphere into the water. Thus, 
by adding an air phase, thereby increasing tanks holding of total oxygen due to higher oxygen 
availability in air, actually only worsen the scenario. This is believed to be because of the low 
solubility of oxygen in water. Furthermore, during real conditions of live fish transport, a container 
holding an atmospheric phase results in water movements when carried. This could potentially act 
as a stressor resulting in fish seasickness with mortality following (pers. com. Nilssen).   
Sedatory impact 
In this study the positive effects  of different anesthetic treatments to reduce rate of oxygen 
consumption, thereby prolonging transport time and maintaining water oxygen saturations above 
critical levels during transport was documented.  
The use of MS-222 sedative concentrations during transport of snow-trout fingerlings resulted in 
slight decreases in rate of oxygen consumption when exposed to concentrations from 5 to 15 mg L-1, 
following pre-anesthesia. Thus, the transport time, defined by a drop in 2.94 units of dissolved 
oxygen (DO2), was not markedly affected. If oxygen consumption continued at similar rates as shown 
in figure 14, the time for DO2 to reach 3 mg L
-1 would be 5 ½  hours. This is a slight increase 
compared to transport time of Trishuli fingerlings at similar density (100 T 50 L ; 5 h ).   
Fish stocking density has been shown to affect anesthetic efficacy. When studying MS-222 resistance 
of equilibrium loss on three freshwater species Sylvester et al. (82) found higher drug resistance with 
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an increase of 2 – 3 time stocking density. During simulated transport of snow-trout an increased 
transport time of 20 % was seen at highest stocking density of 0.018 kg L-1 when subjected to the 
highest sedative concentration (25 mg L-1). The effect of MS-222 on oxygen consumption at this fish 
density was minor compared to the 84 % increased transport time witnessed at lowest density 
(0.008 kg L-1) at similar concentration. The small effect of these concentrations on reducing oxygen 
consumption at highest stocking density is believed to result from a increased rate of which MS-222 
is metabolized at higher biomass present in the container. Thus, it is obvious that stocking density do 
affect the efficacy of MS-222 on reducing oxygen consumption on snow-trout fingerlings.  
The additional lowering on rates of oxygen consumption and prolonging of transport time seen 
when comparing 15 and 25 mg L-1 MS-222 at lowest stocking density is minor. Dosage dependent 
stress responses to MS-222 exposure have been documented (10, 83). Thus, it is suggested that 
when applying a sedative for prolonging transport time of snow-trout fingerlings at 0.008 kg L-1 a 
sedative concentration of 15 mg L-1 should be used.  
Impact from water quality 
When performing live fish transport in closed systems water quality may deteriorate due to 
accumulation of carbon dioxide (causing lowering in pH) and ammonia (12-14). When performing 
snow-trout transport, water pH and ammonia was therefore measured.    
Water pH and carbon dioxide 
As the fish use oxygen it releases carbon dioxide (in a relationship of 1:1) in the water.  CO2 then 
reacts with water producing H+-ions, resulting in a lowering of pH. According to the equilibrium of 
carbonate species in water, the proportion of carbonate species shifts from bicarbonate to carbon 
dioxide when pH decreases. Thus, lowering of pH would require higher additional amounts of CO2 
added to the water.  
When performing simulated transport of snow-trout in the closed container pH dropped from 8 to 
7.5. Slope representing pH showed a non-linear trend indicating the likelihood of water buffering 
capacity, when compared to log DO2. It is reasonable to assume that this minor environmental 
change in pH would not compromise the blood buffering capacity of the carp during short lasting 
transportations (84, 85).  
However, if CO2 is allowed to reach high levels, a resulting hypercapnia has shown to impair oxygen 
consumption when exposing fish to acute hypoxia (86). The actual concentrations of water CO2 in 
this study are unknown. In the future, the possible effects on oxygen consumption from higher CO2 
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accumulation rates, caused when performing high stocking density transport in a closed system, 
should be investigated.   
Water carbon dioxide solubility is high, being 26 times greater than oxygen at 25°C. In natural 
conditions, the low atmospheric partial pressure of CO2 (0.04 %) mediates the diffusion of elevated 
CO2 from the water into the atmosphere. When comparing pH interval of simulated transport with 
5:0 and 3:2 parts of water:air at similar number of fish in the container (table 2), lower pH was 
reached in all simulated transports performed with 5:0 water to air, indicating the possibility of 
some CO2 diffusion from water to air. If fish were to be under some kind of respiratory restriction 
due to hypercapnia, the application of an air phase, facilitating CO2 diffusion from water to air, could 
have the possibility to alleviate fish from this. However, at a given stocking density the presence of 
an air phase did not alter transport time (figure 8). This would indicate that 1) if there actually was 
hypercapnic CO2 levels present in the water, a 20 L air phase would not contribute to any respiratory 
improvement to the fish, or 2) that the levels of CO2 present in the container holding 5:0 parts 
water:air did not pose any restrictions on fish respiratory functions and that the adding of an air 
phase would only reduce transport time by removing oxygen availability to the fish.     
The application of a CO2 absorbent (i.e. carbonate ceramics) should be included in future studies on 
transport of snow-trout in closed systems to investigate the effect of elevated water CO2 on fish 
oxygen consumption. 
Water ammonia 
The toxic component ammonia is the un-ionized ammonium NH3. Due to its low gill permeability, 
water NH4 increases poses minor harm to fish health. The pK for NH4
+ / NH3 is 9.5, thus the 
proportion of toxic NH3 increases with pH in which can have detrimental effects if high 
concentrations are reached, having the potential of causing neural necrosis in the brain (18). Acute 
toxic levels of ammonia in freshwater fish is 2.8 mg NH3 L
-1 (18). A 24 hour LC50 of NH3 on Atlantic 
salmon smolts has been documented to 0.15 mg NH3 L
-1 at oxygen levels equal to air saturation, but 
decrease to 0.09 mg NH3 L
-1 when lowering  oxygen saturation to DO2 = 3.5 mg L
-1 (87). However, due 
to CO2 accumulation during transport in closed systems water pH increase is prohibited (15). 
During simulated transport of snow-trout in a closed container, water ammonia concentrations 
reached 15x10-4 mg NH3 L
-1 when transported at highest stocking density of 0.016 kg L-1. At lowest 
stocking density (0.003 kg L-1), ammonia concentration at end of transport was 8.7x10-4 mg NH3 L
-1.  
At other densities, ammonia concentrations fell within this range. Due to that snow-trout is 
transported in a closed container, the accumulation of carbon dioxide caused lowering in pH. The 
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higher proportion of ammonium is favored with decreases in pH, causing low levels of ammonia. It is 
therefore concluded that increases in ammonia concentrations during closed transport of snow-
trout are negligible in terms of toxicity to the fish. 
Possible time of transport  
Total transport time, defined by the time for dissolved oxygen in the closed container to drop 5 
units, decreased with increasing stocking density, with both fingerling strains showing similar 
reduction trend. When performing simulated transport of Trishuli fingerlings at stocking densities of 
0.003 to 0.016 kg L-1, transport time decreased from 11 ½ to 1 ½ h, whereas increasing the stocking 
density of Melamchi fingerlings from 0.0026 to 0.012 kg L-1 resulted in reduced total transport time 
from 11 to 1 ½ h. Because of the increased aggressive behavior, the higher MO2 of the Melamchi 
fingerlings resulted in decreased transport time compared to the Trishuli strain at a given stocking 
density. Thus, despite higher stocking density obtained for the Trishuli fingerlings, both strains 
showed fairly similar total transport time. As a result, when transporting snow-trout fingerlings, 
higher biomass can be transported for equal duration when transporting the Trishuli strain 
compared to Melamchi fingerling transportation.  
Two functions were derived from transport time of the two strains different stocking densities, 
estimated in order to predict possible transport time at any given strain stocking density. For 
practical applicability, functions were rearranged in order to estimate maximum stocking density at 
approximately 14 °C for any desired transport time. 
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RED ZEBRA (METRIACLIMA ESTHERAE) 
The strict ranking system within a Red Zebra cichlid group may release aggressive behavior and 
increase oxygen expenditure if new individuals are added. Accordingly, this study tried to eliminate 
or limit such behavior as all experiments were performed with individuals pre-habituated to each 
other. 
Oxygen consumption in a closed system 
During the initial A phase of closed simulated transport, the average single Red Zebra oxygen 
consumption was 200 mg O2 kg-1 h-1. As these individuals progressed into steady C phase, average 
MO2 was down to 80 mg O2 kg
-1 h-1, indicating that these single individuals had settled down. The 
comparable results for simulated group transports were 325 and 135 mg O2 kg-1 h-1, respectively. 
Thus, after initially displaying high activity the individual group members also settled down. Still, the 
average weight specific oxygen use was almost 70 % higher for group than for single transport. This 
is consistent to video monitoring showing bursts of increased swimming activity of the group. The 
rates discussed are reflected in the total oxygen consumption (TOC) seen for single individual and 
group after the first 60 minutes of closed simulated transport, being 150 and 240 mg O2 kg
-1 h-1, 
respectively.  
O2 availability improvement 
Sedatory impacts on Red Zebra oxygen consumption 
During A phase, pre-anesthetic treatment of single individuals for a following exposure to a non-
sedative concentration (0 mg L-1) during transport resulted in oxygen consumption of 150 mg O2 kg
-1 
h-1. This compares to what seen during 10 mg L-1 exposure. However, sedative concentrations of 30 
and 50 mg L-1 resulted in slightly lower MO2 of 120 mg O2 kg
-1 h-1. As pre-anesthetized single 
individuals progressed into C phase fish exposed 0 mg L-1 MS-222 showed MO2 of 130 mg O2 kg
-1 h-1. 
When a sedative concentration of 10, 30 or 50 mg L-1 was added to transport container, single fish 
consumed oxygen at rates of 110, 75 and 90 mg O2 kg
-1 h-1, respectively.   A pre-anesthetic treatment 
of a following transport in 0 and 30 mgL-1 resulted in significant lower (P < 0.05 Tukey HSD) MO2 for 
sedated fish.   
During A phase groups exposed to an anesthetic treatment showed, all though slightly higher, rates 
of oxygen consumption comparable to what seen during single fish transport. However, as group 
individuals progressed into C phase, the group exposed to 0 mg L-1 MS-222 showed MO2 of 150 mg 
O2 kg
-1 h-1. Apart from control, this was the only group that showed consumption of oxygen higher 
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than its respective single fish treatment during C phase. At higher sedative concentrations all groups 
showed MO2 equal or lower to the single fish exposed to same concentrations.   
As a result, after 60 minutes of single Red Zebra transport, total oxygen consumed at 0 and 10 mg L-1 
MS-222 was 150 – 160 mg O2 kg
-1, compared to during 30 and 50 mg L-1 exposure showing oxygen 
consumption of 100 – 110 mg O2 kg
-1.However, during group transport TOC reduced linearly with 
increasing sedative concentration from 0 to 50 mg L-1 by 175 to 90 mg O2 kg
-1.  
Further, during a 2 ½ hour simulated transport of groups of Red Zebra, the total oxygen consumed 
was 420 mg O2 kg
-1 at transport in a non-sedative concentration. This was reduced to 300 mg O2 kg
-1 
when adding 10 mg L-1 MS-222 to the transport water. A further reduction to 245 mg O2 kg
-1 was 
witnessed upon exposure to 30 mg L-1. When compared to the untreated transport control group, 
showing a total consumption of 475 mg O2 kg
-1, all MS-222 treated groups showed a lower 
consumption. The 50 % reduction of total oxygen consumed seen between the untreated control 
group and transport in a 30 mg L-1 MS-222 clearly illustrates the efficacy of MS-222 to reduce oxygen 
consumption during transport of Red Zebra.  
Hence the aggressive behavior common for the cichlid fish, it is likely that the increasing sedative 
concentration during transport may cause less interaction between individuals within the group, as a 
result of lower swimming activity. Thus, high difference in MO2 and TOC60 seen between single and 
group transport of control fish is greatly reduced when adding a sedative concentration to the 
transport container. This is consistent to what seen during video monitoring at exposure to a non 
and 30 mg L-1 sedative concentration following pre-anesthesia. It is concluded that MS-222 is 
considered to be efficient in reducing increased oxygen consumption during group transportation by 
reducing swimming activity in Red Zebra.  
There is sparse knowledge of MS-222 effect on fish oxygen consumption. However, many authors 
have studied fish blood responses during or after MS-222 exposure.    
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Sedatory impacts on blood chemistry 
Hematological response 
Assessing hematological measurements would provide indications of fish oxygenation status by its 
primary role in oxygen transport. A significant decrease in hemoglobin concentration from 8 to                    
5.5 g 100ml-1 was seen in Red Zebra after 2 ½ hour exposure to a sedative concentration of 30 mg L-1 
MS-222. On the contrary, after a two hour simulated transport of gilthead sea bream in a MS-222 
sedative solution of 25 mg L-1, Gonzales et al. (1995) found elevated hemoglobin values of 6 g 100ml-
1  significantly higher than controls of 4.75 g 100ml-1, seen despite that oxygen levels were kept 
equal to air saturation (83). The increases was argued to result from decreased gill ventilation 
causing functional hypoxia to the fish (88, 89). Further, studies on MS-222 anesthesia on fish has 
shown to decrease arterial oxygen saturation (90), thus the present finding on Red Zebras decreased 
Hb levels upon MS-222 exposure seems illogical.  
Higher Hb values measured in control groups could be a result of beta-adrenergic stimulated 
recruitment of erythrocytes, as an effect of sampling procedures. Thus, the efficacy of MS-222 to 
reduce a stress response upon acute stressor exposure, arising during blood sampling procedure, 
would be illustrated through these findings. Therefore, the possible explanation to lower levels of Hb 
on sedated fish could relate to MS-222 inhibition of sympathetic nervous stimulatory affecting 
erythrocyte recruitment, otherwise rapidly increased when exposed to handling, as seen in 
untreated fish.  
In order to compensate for hypoxic conditions, teleost fish regulate intracellular erythrocyte pH 
through beta-adrenergic stimulation of Na+/H+ antiporter, increasing cell volume and intracellular 
pH, resulting in a Bohr shift increasing Hb-O2 affinity (91). The neural pathway activating 
catecholamine secretion is believed to be controlled by blood oxygenation status (30). 
Catecholamine secretion in teleost fish has shown to increase when fish experience a decline in 
blood oxygen to about 50 – 60 % saturation (92-94). The reduction of mobility and sensory 
perception by MS-222 exposure is documented as a result of its binding to specific sites in voltage-
gated Na+-channels blocking Na+  flow currents (95). Speculation rises whether or not MS-222 affects 
the current of Na+ through the Na+/H+ antiporter or the catecholamic stimulated recruitment of 
erythrocytes from the spleen. If so, MS-222 would have the potential of affecting hematological 
compensatory adjestments upon hypoxia. Before recommending the use of MS-222 sedation in 
order to prolong transport time, one has to verify its possible impact of oxygen content in the blood 
returning from the gills. 
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 Lactate 
Oxygen delivery to the tissue insufficient of meeting metabolically demands from carbohydrate 
metabolism would be indicated by increases in plasma lactate levels. Plasma lactate is affected by 
fish capture for following transport and transport itself and has shown continue to increase 
following exercise (96). Even though insignificant from controls, a rise in mean plasma lactate of 60 – 
70 % for both transport group compared to non transport controls indicate that this was the case. 
Thus, it is indicated that both transport with and without the use of an anesthetic causes metabolic 
demands that succeed O2 delivery capacity of the fish during some stage during transport.   
Sodium 
Sodium ion concentration was measured  due to its osmoregulatory role and indicator of osmolytical 
status in fishes. At stressor exposure, higher secretion of circulating levels of catecholamines results 
in increased perfusion of gill lamella, thus increasing the amount of blood in contact with the thin 
respiratory surface of the gills. This is often mediated by the demand of increased blood oxygenation 
(41).  Due to the respiratory compromise, freshwater fish therefore experience increased passive ion 
loss and increased water influx during stressor exposure. When performing MS-222 treated 
simulated transport, sodium concentrations was lower (slightly insignificant by p = 0.063), when 
compared to fish not exposed to transport. Sedated fish had mean sodium concentration also lower 
than fish exposed to untreated transport. This indicates that MS-222 produce a lowering of blood 
sodium by increasing electrolyte loss or increasing water diffusion into the blood.   
Glucose 
Compensating the loss of electrolytes during sustained stress, has shown to be mediated through 
the release of plasma cortisol. Cortisol plays an osmoregulatory role, stimulating increased activity of 
ion-transporting enzyme Na+/K+-ATPase. When performing 2 ½ hour transport of Red Drum in a 25 
mg L-1 MS-222 sedative solution, following a pre-anesthetic treatment of 80 mg L-1, Robertson et al. 
(1987) documented elevated blood glucose concentrations in both exposure and control group at 
end of transport, with slightly higher levels in sedative exposed fish (10). This compares to what is 
seen after a 2 ½ hour transport of Red Zebra. Further, after 2 hours of simulated transport of 
gilthead sea bream, Gonzales et al. (1995) found MS-222 concentration dependent increases in 
cortisol and glucose (83). Authors suggested the possible role of hypoxia-induced increased cortisol 
and glucose, indicated by elevated hemoglobin and hematocrit values. This further contributes to 
the suggestion that MS-222 acts as an asphyxiant on fish resulting in a stress response.  
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Mean concentration values of both transport groups are significantly higher than controls. These 
findings may therefore suggest that sedation can induce hypoxic stimulatory release of cortisol with 
accompanying increase of glucose, despite that water oxygen levels were close to air saturation.  
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CONCLUSIONS 
 
1a. Simulated snow-trout fingerling transport demonstrated a strain related stocking density 
dependent increase in weight specific oxygen consumption. This dependency was probably due to 
difference in the aggressive behavior between strains.   
1b. Simulated Red Zebra group transport demonstrated higher weight specific oxygen consumption 
as compared to single fish. Video monitoring verified increased swimming activity of fish when 
stocked in group.  
2. Snow-trout and Red Zebra oxygen consumption of a can be reduced if sedated during transport, 
which can prolong possible transport time. 
3. Sedating Red Zebra during simulated transport caused changes in plasma sodium ion, glucose and 
lactate concentrations. This may imply circulatory changes indicating hypoxic conditions and should 
therefore be investigated before sedation of such fish during transport is recommended.  
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PERSPECTIVES 
 
Future experiments of oxygen consumption during real back-pack transportation are necessary to 
determine the effect of transport on oxygen consumption under real conditions, and further how 
the use of MS-222 could contribute to decrease elevations in oxygen consumption, at concentrations 
similar as to what used in this study. 
Further, during future studies on snow-trout transport in closed systems the use of a CO2 absorbent 
should be included. This would document any effect from increased progression of CO2 
accumulation on fish oxygen consumption, present at higher stocking density transport.  
The strain dependent increase in MO2 seen during simulated transport of snow-trout fingerlings 
should be further investigated. This could be performed by comparing single individual snow-trout 
MO2 of both strains with MO2 during simulated transport of the two strains and a 50/50 mixing of 
the strains, all at similar stocking density. 
Furthermore, in order to relate the oxygen consumption at different stocking densities and sedative 
treatments to that of an unstressed individual, oxygen consumption of fish not exposed to handling 
or transfer should be obtained. This would provide a comparable basis necessary to determine the 
effect of a stressor on post-stress oxygen consumption. 
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 APPENDIX  
DO2 and pH during transport of snow-trout  
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Red Zebra rate of oxygen consumption at MS-2222 sedative treatments 
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